CARIBOO: An Induction Based Proof Tool for Termination with Strategies by Fissore, Olivier et al.
HAL Id: inria-00107557
https://hal.inria.fr/inria-00107557
Submitted on 19 Oct 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
CARIBOO: An Induction Based Proof Tool for
Termination with Strategies
Olivier Fissore, Isabelle Gnaedig, Hélène Kirchner
To cite this version:
Olivier Fissore, Isabelle Gnaedig, Hélène Kirchner. CARIBOO: An Induction Based Proof Tool for
Termination with Strategies. Fourth International Conference on Principles and Practice of Declara-
tive Programming - PPDP’02, Oct 2002, Pittsburgh, USA, 12 p. ￿inria-00107557￿
– System Presentation –
CARIBOO :
An Induction Based Proof Tool
for Termination with Strategies































xZ46E'#4y*w w oq,.@5<,e3eo~46E',.w 57,euAt*,.-s;nE}>A*#,pr51.;n5A-{E42xZ46E#3eoq,.
u6546w o,.*#u6oqE',JE{D x046E4y*#w ;<
. <¡e¢£¤#¥¡Z¦).§¨©ª«¬<¡Z­'  ®}¡Z¦A­'¤#¥¯ <£¤#¦°
±M $ "m² 0=k2³`=DD=³´hFeE{uv*L465µM46E'#4y*w
(D5746o~><*#u6oqE',¶·E4n4657>7u6,.5<;n;x046E$E{;<t.E46w@*#8w 57u6C.Ee-Z;±M $ &
² 0=k2³`=DD=³´F046E'#4y*w w oq,.MD,e3eo~46E',0w 57	








Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
PPDP’02, October 6-8, 2002, Pittsburgh, Pennsylvania, USA.
Copyright 2002 ACM 1-58113-528-9/02/0010 ... À 5.00.
Á}¡Z§¡e¤LÂ 7¡Z¤Ãl¦J° 8q'E#46oqu6C0w ;<t *,0'1*#'5'tNC.5<E#4n?$t.(D5746o~.	
>A*Lu6oE,









































































































í  !"#  îP*#465J;nowM1.8*#u65<-zp$?z*xZ46E$E{un465<5;uy*#4nu6oq,0{46Ew
í"$ît*lu65746w E{%  í	&@îtNu6C.5{465<5mu65746w»*8q'57p04y*Zt






E#{u6C.52u65746w ;<t.*><><E#4y-0oq,. u6E u6C.523*8q105E#{u6C.5<o~43'*L46o*p.8q5<;<NC05
*#p.;un4y*#>7u6oqE',zx046E$><5<;n;P;nowM1.8*#u657;Mu6C.5@oq,.,05746w E';uM,.E#46w@*8qoqA*#u6oqE,
E#{;n10p0u65746w ;Doq, u6C.5-05746oq3*#u6oqE',0;<`u><E',0;no;u6;o, 465<x08*><oq,.u6C.57;n5
;n10p0u65746w ; p$?z;nxr5<><o*#83*#46o*p0857;<tvuy*V5<,oq,*l,.5ç;n5u)( *,-
><*8q8q5A-	`3*#46o*#p.8q5<;<t465<x04657;n5<,$u6o,0J*#,$?m,.E#46w@*8{ãE#46wïE#{u6C.57;n5
;n10p0u65746w ;<)NC.oq;*p0;un4y*>7u6oqE,;u65<xloq;2xr574n{E46w 5A-E',;n1.p0u6546w ;
u6C.*#u}>A*#,pr5s*;n;n10w 5A-|oq,.,05746w E';u u65746w oq,.*#u6oq,.p$?zoq,-Z1.>7u6oqE',
C$?ZxrEu6C05<;noq;<
2.2 Building proof treeseEu6C05Jx046E$E#{2x046E$>75<;n;@*w E1.,$u6;Pu6E-Z5<3V5<8qEx|*#p.;un4y*>u un465<5<;

C0E';n5,.Ee-057;m*#465><E'w xrE;n5A-E{P*¿>7104n465<,$uJu6546w E#{Mu6C05{465<5
u6546w *8q'57p04y*   í	&,+)(îtv*,.-*;n57u@E{46E1.,-z;n1.p0;u6oqu61Z	
u6oqE,.;M*x.xZ46E'xZ46o*Lu65<8~?4657x0465<;n5<,$u65A-p$?>7E',.;un4y*#oq,eu6;<JD*>yC,.Ee-Z5




í  !"  î
;;6*#o-pr5{ãE465tru6C.5oq,.,.546w E';u
4657v46o~u6oq,. 465<8*#	
u6oqE,oq;;noqwM1.8*#u65A-pe? u`NE)w 57>C.*,.oq;nw ;=F
0 .46;uAt0u6C.51+*L465;n1.x.xrE;n5A-u6E pr52oq,.,05746w E';uvu6546w o,.*#u6oq,.p$?o,.-010>7u6oqE',C$?ZxrEu6C05<;noq;<t*,.-465<x08*#><5A-lp$? Ö327Ú6Ì:ÔnÖ'ß7Ì:ÕhÓà





oq;u65<,.>75E#{=u6C.57 1 6 ÐÕãÌË0Ó98eÌ@Û$:ÍÒ Õhß7ÕãÌhÒ ;¿ß6ÓÝÍ<8eÌ:Õãà>=ÌË.ÛÝ 
NC.5*p.;un4y*#>7u6oqE',¿E{u6C.5 u65746w?1p$?u6C053*#46o*p08q5 5 1oq;




oq,0u6C05465<;n108qu6oq,0u65746wBí 5  ' 5  î*#u@xrE';no~u6oqE',DC oq,*#8q8xrE;n;nop08q5sN*<?0; oq,$u6Elu65746w ;)EOFmo~u6;



















w oq,*Lu6oE,Ox046Ep.8q5<w E#{)u6C.5u65746w ;GE½{HEtMpe?áoq,-Z1.>7	
u6oqE',C$?ZxrEu6C05<;noq;<tEoq;;n10x.xrE;n5A-zu6Epr5moq,0,.5746w E;u u65746w oq,*#un	
oq,.Zmu6C0574n
oq;n5'tE',05 >A*,*x.x08~?l*;now oq8*#4465A*#;nE',.oq,0mE',*EI.
J íE  !'E<K.îk5u6C.5<,2C.*L3'5u6E*#;n;n1.w 5u6C*#uíI  !  î












































u65746w oq,*Lu6oqE', C$?ZxrEu6C.57;no;+oq;w@*'-Z5E, ;n1.pZ	
u65746w ;}u6Epr5o,Z{ã57465<-áE,áu65746w ;< `{u6C.oq;C$?ZxrEu6C.57;no;J>A*,0,.Eu






















































ð «¦< <¤L­'  {E4*#p.;un4y*>u6o,0Ju6C.5Moqw w 5A-0o*#u65;n1.pZu65746w ;=E#{
u6C.5@><1Z4n465<,$uMu6546wsEu65 u6C.*#uu6C.57465@oq;P,0E,05<5A-lu6Es*#p0	
;un4y*>u2u6C.5);n10p0u65746w ;u6C*#u*L465)46E1.,.-su65746w ;o,,.E#46w@*8




oq,.o~u6o*8q8~?5<w xZu?$ ;n1.pZu65746w  1 oq;*p0;un4y*>7u65A-F











































x046E$E#{run465<5'te*#;o,$un46Ee-Z1.><5A-Mo, Z5<>7u6oqE,@e eDNC05v461.8q5<; © <£¯ *#,-
© <£.¯  465<x08*><5su6C.5><104n4657,eu;uy*#u65zí' X 2î@p$?í% 2ît
;uy*,.-0oq,.{ãE4J*l;n10><><5<;n;{1.8=;uy*Lu65'tv



























































8qE$E'e;@8qo'5' ¹JE465<EL3V54Atvu6C.557B0*#w x.8q5Joq;@><E'w x08q57u655<,0E'1.Cu6E
5<w x0C*;noq<5;nE'w 52;un46E',0)>yC*#4y*#>7u65746oq;u6oq><;E#{u6C.5w 57u6C.Ee-
 5u[lpr5=u6C05{ãE8q8EA
oq,.}Nt.-057.,.5A-}E',	 .& J $n%>AI'@F
J íh%>AI $rî R J ííî$î
í")(0î R 
í")(0î R*(





J ííh%7ILî$íh%7ILîíh%><ILînî#R  J íh%>$íh%ILî$íh%ILînîSR+
J íh%<I9$íh%<IAînîSR-, J ííh%<IAî$íh%ILî$íh%7ILînî#R  !
  ¥¢rª¤L¡°®}¡e¤¥00 A¥£r§ <¤L¡e¡`£.¤¦<ÅÃm«D£Â+¢
	
   + 
 "!#$
	%
& ' & +( 
 )  & +*  + )  & +  
,%














4&65 7  
,&   &85 * & +  &69*  
  &65 *;: 
  &69 < 
, $)  &85 *  + )  &89   

   +=-    +4> ,1? /

	&69 7  
,&   &85 * & +  &89*  
  &65 *@: 
  &69 < 
 ")  &85 *  + )  &89   
%
,   +.-    +> ,1? /
A< 
, $)  &85 *  + )  &89   

<   + =- <   + 
A
< 
 ")  &85 *  + )  &89   
%





















íí"! + î[WH + ît.
C0o>yC*#465M*'-0-05A-u6E u6C05;n5uE#{+E#4y-05746oq,0>7E',.;un4y*#oq,eu6;<+NC05=><104n4657,eu+u65746w í  $ + îDo;Nu6C05<,@un4y*,.;{E46w 5A-oq,$u6E)í 5  5 + îNC05<,u6C.5@,*L4n46EA




10xu6E*465<,*#w o,00t 5 5 *,.- 5 9 tvprE#u6C*p0;un4y*>7u6oqE,
3*#46o*#p.8q5<;<tZ,.Ew E465,*L4n46ELN*p085+Eu65u6C*#uo;;6*#u6oq;r*#p.8q5=p$?
*#,$?oq,0;uy*,$u6o*#u6oqE',P]P;n10>C}u6C*Lu/]9Z.k]9 + .k] 5 5 .D] 5 9 .%ZNC052x046E$E#{un465<5=
C.E;n5=46E$Euo; J í   + $B5<îvoq;
'oq3V57,oq,oq	1Z465$;PxZ465<3eoE1.;n8~?$tu6C.5 046;u *x0x.8qoq>A*#u6oqE,E#{ð «¦< <¤L.­'  oq;
w@*-05xrE';n;noqp.8q5u6C.*,0Z;Du6E2u6C.5;n1.p0u6546wøx046Exr574nu?PE{u6C.5o,.-010>7	
u6oqE, E4y-0546o,00t$;uy*#p.8q5pe?;n10p.;u6o~u610u6oqE',NC.57,  .¤L¤L£0Æ *x0x.8qoq5<;

o~u6Clu6C05).46;u2461085tu6Ce1.;2'oq3eoq,.E,.8~?E',.5 pZ4y*,0>C}NC.5 ><E,0	
;un4y*#oq,euoq;u6C05<, ;6*#u6oq;*p.8q5=p$?)*,$? oq,.;uy*#,eu6o*Lu6oE,]2;n10>C u6C*Lu
]aZ.k]9 5 .D] 5 9 .%)*#,-c]9 + .I'NC05m8*;u*x0x.8qoq>A*#u6oqE',|E{ð «¦< <¤L­  t
*p0;un4y*>7u6oq,.u6C05;n1.pZ	





46108q5<;+E#{í 5 9  5 9 îNí:;n5<5Z5<>7u6oqE,}e "$ît
*L465Pu6C.5M8*;u2uEE,.5<;2E#{u6C05)NGl)Zoq,0><5Mu6C05<;n5Mu`NE@461.8q5<;
*L465@E46oq5<,$uy*p085@p$?*,$?;noqw x.8qo~>A*Lu6oE,E4y-Z5746oq,.0t*,$?o,0;uy*,0><5
E#{u6C.5+u65746w`í 5 9  5 9 îoq;prE'10,-2u6E=pr5oq,0,.5746w E;uu65746w oq,*#u6oq,00t
*#,-52>A*,*p.;un4y*#>7uo~up$?}*P,057á;nxr5<><o*83'*L46o*p.8q5 5DC 






<   +   5 < 
J$ "!#
HI
,& K & +  &65 $( 
 ")  & +*  + )  & + * 5 )  &65   
LHI




&89  &89   &89  &89 7  
,&% (M * & + ON * & 5  & 9 *  
  & 9 ( 
 ") (M *  + ) ON * 5 )  &89   
LHI
 '  +  5 .-    +  5 
J$ "!#
HI
,& C  & 9  & 9 $( 
, ") <M *  + ) ON * 5 )  &89 * %
&89  &89  )  & C   
LHI
 '  +  5 .-    +  5 
> ,1? /
A( 
, ") <M *  + ) ON * 5 )  &89 * %
&89  &89  )  & C   
LHI
 '  +  5 .-    +  5 
























Integrated features Delegated features
ordering constraints solving
satisfiability of A
termination property of a term
usable rules
computing 
narrowing orienting usable rules









































NC.5+461.8q5<;ð «¦< <¤L­'  t © <£¯ ðt  .¤L¤L£0Æ t © <£¯ ö*,- © <£¯







0 u6C.5}E4y-0546o,0>7E',.;un4y*#oq,eu6;<t+oq,.>74657w 5<,$uy*8q8~?;n57u *#8qE',.u6C.5x046E$E{xZ46E$><5<;n;2









oq,.Zk5.46;uun4n?mð «¦< 7¤#.­'  t*,.-s*x.x08~? © <£¯ ðìo~{
o~uD-0E$5<;,0Eu;n10><><5<5A- 'u6C0oq;o;xr54n{ãE46w 5<-p$?2u6C.5+ z;un4y*#u65<#?
ÙDÔyÚ6Ì27ÚyÌ:ÔÖVß7Ì	









































x.8qoq>A*Lu6oE,E{ð «¦< <¤L­  *#,-  .¤L¤L£0Æ  Ew@*'5JE'1Z4JxZ46E$E{




































































o~u6Cu6C.5s;n1.pZu65746w E4y-Z5746oq,.0tu6C.5<, 1 oq;J*10u6Ew@*#u6oq>A*#88~?
*p0;un4y*>7u65<-M,x*#4nu6oq><108*#4Atu6C05M046;u*x0x.8qoq>A*#u6oqE',lE{ 2A
Ú6Ì:ÔnÖVß7Ì oq;*10u6Ew@*#u6oq>'t;noq,.>75Mo~u2*#8~v*<?Z;=><E',0;noq;u6;=oq,;nE8q3Zoq,0
*,E#4y-05746oq,0z>7E',.;un4y*#oq,euJE{u6C.5m{E46w í  !"$  îMW
  !'"  zu6C0574n
oq;n5'tDu6C.5}x046E$E{u6E$E'8
><Ew x.10u657;u6C05




































































  ¥¢rª¤#¡ °  ¨¥ <¥ã§¢ AÉ¡¦<¯¡Z­V¥­. A¥£§Â¡








































><*,w EL3V5Pu6C05 ;6*#u6oq;r*#p.oq8qo~u?lu657;uME#{ {46E'w 2ÖÔÔÓÐ u6E 
.ÌÓÍ 
`,u6C0o;










4. THE PROOF TOOL`,Ju6C.oq;;n5<>7u6oqE',tN5x0465<;n57,eu
u6C055BZu6546,*8pr5<C*A3eoqE4E{N*#46o~	
prE$EZ)k5M.46;uoq,$un46Ee-01.>75Pu6C.5P*#46>yC.o~u65<>7u61Z465 E{NE104xZ46E$E{Nu6E$E8ht
*#,-su6C.5<,oq88q10;un4y*#u65 C.EAu6E1.;n5)o~u2u6C046E1.Cu6C05 -05<3'5<8qE'x.w 57,eu
E#{D*P><Ew x.8q57u65=57B0*#w x.8q5'









































5A*#>Cu65746w J í  !"K.îC.*;2pr5<57,l'57,.574y*Lu65A-lp$?mu6C.5P+ 
x046E$E#{xZ46E$><5A-01Z465{E4
5A*#>C}-Z57,05A- ;?0wMprE'8 J *,.-}-Zoq;nx.8*<?$5A-@pe?
u6C.5)éV*A3'*J³ºNC05<,5 >A*,'57u2u6C05 -057uy*#oq8+E#{v5A*>yCl;uy*Lu65 E{
u6C.57;n5Nun465<5<;<`{,.E',05vE{ru6C05Nx046E$E#{run465<5<;D><E',$uy*oq,0;+*{ã*oq8q10465
;uy*#u65
í:><Ew o,02{46E'wø* © <£¯ ðö*#x.x.8qoq>A*Lu6oE,rîtZu6C.5<,)u6C05N)'oq3V5<,}*#;
oq,.x010u=oq;2oq,.,05746w E';uu65746w oq,*Lu6o,00NC05Mun4y*>75)>A*,pr5P;6*A3V5<-oq,
u657Beuv{ãE#46w@*#uA
4.2 How to use Cariboo,u6C.oq;M;n57>7u6oqE',t5}5B0x08*oq,C.EAøu6Em10;n5 u6C.5 x046E$E#{
u6E$E'8u6E
5<;uy*#p.8qoq;nCoq,.,05746w E';uu65746w oq,*Lu6oE,sE{*}NrEJ*#>C0oq5<3V5u6C.oq;<t
u6C.557B0*w x085oq,$un46Ee-01.>75A- o,JZ57>7u6oqE',Je Koq;v-Z5A*8~uN{46E'w ;n>74y*Lu6>C
4.2.1 Editing the TRS;P;6*o-pr57{E465'tN5J046;u C*A3V5}u6E>7465<*#u65Ju6C05J;nxr5<><o~.>A*#u6oqE',
8q5},.5<5<-05A-lp$?u6C.5}+ öxZ46E$E{x046E$><5<-010465l 57uM1.;M4657w o,.-





w@*#uPíãu6C.5V57?eNE#4y-0; ÚhÍ0Ûnß7Õ Ù+ßyÖ#Ì:ÕhÓà 0ÖÔyÚ(ÍÚ [8ZÒÛÚ *,- ÛàrÞ
Ó×=ÚhÍ0Ûnß7Õ Ùß6ÖÌ:ÕhÓ#à ><*,.,0Eu
pr52>yC*#,.'5<-îF








































;?Z,$uy*#Bs{ãE#4 *J8qoq;uPE#{  5<8q5<w 57,eu6;oq,D  oq;u6C05P{ãE88qEA
oq,.¿F












































































E#{u6C.5;?0wMprE'8 J FD*M046;uv1.,0;n1.><57;n;{ã1.8*#unu657w x0uNu6EP*x.x08~? 
.ÌÓÍ t
*#,-¿*s;n5<><E',.-*Lunu65<w x0uAtD;n10><5<;n;{ã108q8pr57>A*10;n5u6C.5};6*#u6oq;*p.oq8qo~u?
u657;u=E{öí:w EL3V5A-{46E'wçu6C05x0465<3eoqE'10;=*x0x.8qoq>A*#u6oqE,E#{ 2ÖÔyÔnÓÐ î
oq;,.5<'*#u6oq3V5 íhoq'1Z465K'î


























. ;=@?>$BC 5 ;M?>GQ0C3NOH@?>GF0C 5 ;M?>AUC
J ;='?>A@?>$BCDE@?>GF0CCP @?>$BCDE@?>GF0C
8 6 7 2 9
H;VW





. ;=@?>$BC 5 ;M?>GQ0C3NOH@?>GF0C 5 ;M?>AUC
J ;='?>A@?>$BCDE@?>GF0CCP @?>$BCDE@?>GF0C
8 6 7 2 9
H;VW





































5.1 Definition of the LS-strategy, 
Ô6ÛÐÔÕÌ:Õãà>=Ú6Ì:ÔnÖÌ`Û =9; í:E4 $	;un4y*#u65<#?îJE,u65746w ;mE#{







³oq3V57,m*  $	`;un4y*Lu65<?;n1.>yCJu6C.*#u	Ní J î . ²   !'"A´ht1 m
² %>     (í J î`´{ãE42*8q8 /mz²~I   $´t{ãE#42;nE'w 5;?ZwPprE8 J t,.E#46w@*8qoq7	
oq,0P*=u65746w S. J í  !"  î
o~u6C}465<;nxr57>7uu6E
	ví J îtZ><E,.;noq;u6;
oq,,0E46w@*#8oq<oq,0 *8q8;n10p0u65746w ;E{ 
*LuxrE';no~u6oqE',.;'!;n10>7	
>75<;n;noq3V5<8~?$tr*#><><E4y-Zoq,.)u6EPu6C05=;un4y*#u65<#?${u6C.5465257BZo;u6;Sm²~I   e´




# ?#$% ! oq;465A-Z1.><oqp085*Luu6C05=u6E'xxrE;no~u6oE,so,$u6E *Pu6546w
íE  S$EK.îtu6C05<, íE  '$EK.îo;,0E46w@*8qoq<5A-
oqu6C
465<;nxr5<>uu6E&






u6E' 1 T !  
5.2 Comparison with the innermost strategyo~46;uAtr8q57u1.;v465<w@*L46}u6C.*#uu6C.58q57{u6w E;uoq,.,05746w E';u;un4y*Lu65<?
><*,pr5+5B0xZ465<;n;n5A-2p$?w 5<*,.;E{0 $	;un4y*#u65<o57;<,.-05<5A-tLo~u><Ew 5<;
-ZEA













;un4y*#u657'oq5<;}-0o~574 {46E'w½u6C05E',05<;@-05<;noq,.5A-¿{ãE4 u6C05Joq,.,05746w E';u
;un4y*#u657?$
o~46;uAtu6C05Px046E$>75<;n;-0E$5<;2,0Euoq,e3VE'8q3V5Pu6C05)*#p.;un4y*>u6oE,E{v*8q8
;n1.pZu65746w ;JE#{ *u65746w J íE  ' E  ît=p.10uJE',08q?E#{);n10p0u65746w ;
xrE'oq,$u65A-Jp$?}u6C.5 e	;un4y*#u65<#?$t*#,-Joq,m*);nxr57><o~5A-JE#4y-0574ANNC.5<,t
'oq3V57,*;un4y*#u657? ;n10>C u6C*Lu




























,.E, >7E',e3V5<,$u6oqE',.*82,.E#46w@*8={E46w ;<,.-05<5<-t{E4*¿;?ZwPprE'8 J
E{v*#46o~u?  
C.E';n5@;un4y*Lu65<?8qoq;u)-ZE$5<;,.Eu>7E',$uy*oq, ntu6C05Pu65746w








-Z5<;n>746oqx0u6oqE', E#{u6C.5vx046E$E#{x046E$><57;n;oq;+oq3V5<, oq,² #´ht




oq,.,05746w E';uP>A*;n5't*m;nxr5<><o~>oqw x.8q5<w 5<,$uy*#u6oqE,E{u6C.5}oq,0{ã5465<,.><5
461.8q5<;465<w@*oq,0;w E#4655æ ><oq5<,$uoq,u6C058*Lunu6574=>A*#;n5}F+u6C.5><Ew x.10	
uy*#u6oqE,)E{0u6C.5N10;6*p.8q5N4610857;o;;noqw x.8q574At><E88q5<>u6o,0=u6C.5+,*#4n46EA
oq,.
w '10;u6E><Ew x.1Zu65P-Zo;n5<äe1.*#u6oqE',0;>A*,pr5 *A3VE'o-05<-l*,.-u6C05)-05	
u65<>7u6oqE,E#{,0E46w@*8{ãE46w ;oq;=;noqw x.8q574At;noq,.><5u6C.57465oq;=,.E@,0Eu6oqE',
E{D e	xrE';no~u6oqE',0;<
6. EXAMPLES AND RELATED WORKk5C*A3V5;u61-Zoq5A-)u6C.5pr57C*A3eoE104E{N*L46oqprE$EPE',*><E'8q8q5<>7u6oqE',
E{57B0*#w x.8q5<;{ãE4Mu6C.5}oq,.,.546w E';u>A*;n5J*,.-8E$><*8v;un4y*#u657'oq5<; *#;
N5788:t*L3*oq8*p08q5M*Lu
ËeÌ:Ì~ÍÎ Ï'Ï.ÐÐDÐÑÒqÓ#ÔÕhÖVÑ ×Ô`Ï







0 I'Im57B0*#w x.8q5<;sí:"$10Pî@*L465{ã1088~?|*1Zu6E'w@*#u6oq>s*#,-xZ46EL3V5A-u6Epr5so,0,.5746w E;u u65746w oq,*Lu6o,0l
o~u6C.E10u*,$?><E',0;un4y*oq,$u
E4y-0546o,0J
0 IL257B0*w x.8q5<;í:"V&20)î+*L465xZ46E#3'5A-)u6EMpr5oq,.,.546w E';uu6546w oq	,*#u6oq,0u6C.*,0Z;u6E;noqw x.8q5
E4y-0546o,0><E',0;un4y*oq,$u6;N*1Zu6E'w@*Lun	
o><*8q8~?;nE'8q3V5<-p$?@u6E$E'8q;;n10>CJ*; Õ ¹+² H#´
N.«Â¡.°M£Ã¯.¤#¥ã¦<£r§|Æ)¥ AÉ AÉ¡s® Ã¡e AÉ£¨
EZ N= ±2¿w 57u6C0Ee- N*#46oqprE$E
I J íh%>AI î R J í"$rî





 J íVíh%'îíînî R J í"íînî Pí$írînî  Pírî º;6*p08q5=461.8q5<;2F
íVíînîRBíî íVíînîSIíî
 G¿%XR  º;6*p08q5=461.8q5<;2F
G$í (0î#R	VíG (0î 
 '	NíVí (0înî 
 '	Ní(0î  " EVín%'îU
J íh%>Víh%Vî$î#R J í$G@$î  " EVíVí (0înî Ví. " EVí (.înî
í")(0î R 
í (0îSR ( G;6*LuADE{"
" J íh%>AI í (0î$îSR º;6*p08q5=461.8q5<;2F




! G¿%XR  º;6*p08q5=461.8q5<;2F
G$í (0î#R	VíG (0î aE "#! íî R  " EVíî
aE " ! írîSRBGI  " EVí6%Vî#RB
J íh%Víh%'î$î R J í 9E "#! íî$rî  " EVíVí (0înî#R	Ví. " EVí (0înî
í")(0î R 
í (0îSR ( G;6*LuADE{"
& J ííî"(0îSR J í ((í (0înî Pííînî Píî
ííînî R?íî
K ííí'íînînînî R'íí'ííí'írînînînînînî í'íí'írînînînîSMí'írînî
H íh%>$î#R J íh%>$î
J íh%>AI $î#Rí$î íh%>$î)íh%$"$î
í")(0î R  )íh%><I $rîíî
í (0îSR (
 J í J íînî#R J íî w Ee-0108*#46o~u?
íh%'î#RBí J íh%Vînî G5<8qoqw oq,*Lu6oE,
IA% J í J íînîSR J í J írînî  ;6*#uADE{
J í0î#R 
I'I !aE^<íh%>Ví (.îVí"$înî#R % #$&%dí$írîVí (0î$îZ#$&%dMí")($î
!9Ea7í$írîVí (0î$î#R!aE^<í)( '$î #$&%dín%>Ví"$înî#(&%dí$í"VîVí"$înî  
!9E^<í"6%Ví"$înî#R)$í!aE^<íVí"$îVí"$înînî
0 Hm57B0*w x0857;íh% 0Pî2465Aä$10oq465}*m;6*#u6oq;*p.oq8qo~u?u657;u)E{
u6C05*p0;un4y*>7u6oqE,m><E',0;un4y*oq,$u6;;n5u






;un4y*#oq,eu;nE8q3Zoq,0=*#u*8q8Z*,-   Lw 5A*,0;{:*#oq81Z465'D.E#4u6C.5+><E'w x085u65
;n5uE#{><E'w x.*#465A-}57B0*w x0857;<t0;n575 ²qI<%#´h






















*)w Ee-0108*#4*x.xZ46EV*#>Cs*#,-m*,*#46'10w 5<,$u5<8qow oq,.*#u6oqE',m
o~u6Cu6C.5
-057xr5<,-Z5<,.>7?@x.*o~4w 57u6C.Ee-


























































ÛÐDÔyÕãÌ:Õãà =ÛnßyËeà0Õ	!8.ÛÚÖàrÞ%ÍVÍrÒ Õhß6ÖÌ:ÕhÓ#à.Ú 
0ÕãÌ =$ÛÚ

























 à.Ì`ÛÔyàrÖ#Ì:ÕhÓàrÖÒÓ#Ô #ÚË0ÓÍÓà  ÛÐÔyÕãÌ:Õãà =  Ó=ÕhßMÖàrÞ
ÍVÍrÒ Õhß6ÖÌ:ÕhÓ#à.Ú t3VE8q1.w 5MIA!et






  ÔnÓAßyÛ6Û6Þ#Õãà>=ÚMÓ×=ÌË.Û+*LÚyÌ  à.Ì`ÛÔyàrÖÌ:Õ:ÓàrÖ'Ò,ÓÔ#ÚË0ÓÍÓà














  ÔnÓAßyÛ6Û6Þ#Õãà>=ÚMÓ×=ÌË.Û5'àrÞ  à.Ì`ÛÔyàrÖÌ:Õ:ÓàrÖ'Ò,ÓÔ#ÚË0ÓÍÓà













.Ì:ÔnÖ#Ì`Û =ÕhÛÚÕà /8ZÌÓ#Ý ÖÌ`ÛnÞ





















ÌË.Û=*&ALÌË  à.Ì`ÛÔyàrÖ#Ì:ÕhÓàrÖÒ/DÓàA×<ÛÔ6ÛàrßyÛPÓ#à  ÛÐÔyÕãÌ:Õãà>=




















x046E'#4y*w w oq,.M5<,e3eoq46E,.w 5<,$u6;<  @ .ÔÖà.ÚÖVß7Ì:ÕhÓ#à.ÚMÓà

rÓ×Ì:Ð+ÖÔnÛ - à>=ÕãàrÛyÛÔyÕãà =ÖàÞ @ ÛÌËZÓAÞVÓ'ÒqÓ=9; teFqILK#&)e%ZIt
IA'Z







5A-0o~u6E46;<t  ÔnÓAßLÑÓ× 'ÌË  à.Ì`ÛÔyàrÖ#Ì:ÕhÓàrÖÒ8DÓà<×AÛÔ6ÛàßÛÓà  Ó=Õ:ß
×<ÓÔ   ÔnÓ=ÔÖÝPÝMÕãà>=   ÔÌ:Õ Ùß7ÕhÖ'Ò  à.Ì`Û7ÒãÒ Õ =$ÛàrßyÛMÖàÞ
 ÛnÖÚÓà0Õãà>=  C   ED A&* t03VE'8q1.w 52''!#%)E{  Û6ß7Ì8eÔnÛÓÌ`ÛÚ2Õà
 ÔÌ:Õ Ù+ß7ÕhÖ'Ò  à.Ì`Û7ÒãÒ Õ =$ÛàßyÛ t.x.*'57;&&'e&'H#"0t *P¼=*#p*,.*Zt
1.p*et.±5<><5<wMpr574%%ZI'rZxZ46o,0'574n	(D57468*Zt5468oq,
²~IAL´¼M4F*#,$u65<w@*Z.5746w oq,*Lu6oqE',JE#{><E',$u657Beun	;n5<,0;noqu6oq3V5
4657v46o~u6o,00.,  ÔnÓAßyÛ6ÛnÞÕãà =ÚPÓ×2ÌË0Û'ÌË  à.Ì`ÛÔyàrÖÌ:ÕhÓ#àrÖ'Ò
DÓàA×AÛÔnÛàrßyÛPÓà 
ÛÐÔÕãÌ:Õà>=rÛ6ßyË$à.Õ	!8.ÛÚÖàÞ#ÍVÍrÒ Õhß6ÖÌ:Õ:Óà.Ú t
3VE'8q1.w 5IL#V)E{  Û6ß7Ì8eÔnÛÓÌ`ÛÚ2Õà
DÓÝÍ<8eÌ`ÛÔ
ß7ÕÛàrßyÛ t
x*5<;2ILKI<H'&eZx046oq,0'574n	(D57468*0tIAVK$
